containing 21% bulk (normal rat chow), all given for four weeks. Weight gain was significantly less in the group fed Vivonex HN than that of any other groups. The bulkless Vivonex HN and Ensure increased proximal jejunal mass compared to Enrich with 9% bulk or to normal rat chow. Jejunal mucosal DNA and protein levels also tended to be higher in Ensure and Vivonex HN fed animals, as was jejunal sugar absorption. In the terminal ileum, however, total weight was decreased by both elemental and complete feeds with and without bulk, but particularly by the elemental diet. Bulkless feeds therefore increase jejunal and reduce terminal ileal mass. The striking atrophy of the terminal ileum produced by the elemental diet may be important for its efficacy in treating inflammatory bowel disease.
Elemental diets may be as effective as steroids in the treatment of Crohn's disease, but how they influence the disease is unknown.`Improved nutritional status, exclusion of a toxic dietary factor and 'bowel rest' have all been suggested.' 'Bowel rest' is used to Imean a reduced mucosal energy expenditure for absorption, and does not imply lack of gut motor activity. It is thought to occur because elemental feeds contain protein as individual amino acids, carbohydrate its glucose or oligosaccharides and either a low lipid content or medium chain triglycerides, and so they require little enzymatic hydrolysis in the lumen or mucosa. Elemental diets, however, are unpalatable and expensive. ' 'Complete' enteral feeds are cheaper and more palatable, but contain 'whole' undigested casein or soya proteins rather than aminio acids, long chain rather than medium chain triglycerides, and hydrolysates of stiarch with larger oligosaccharides rather than small glucose polymers. Neither 24 October 1986. for the digestion of complete compared with elemental feeds.
We therefore investigated the effects of an elemental diet, a 'complete' enteral feed, the same 'complete' enteral feed with additional bulk, and finally normal chow upon intestinal structure and function, all given in isocaloric amounts over four weeks, in groups of rats to determine whether 'complete' enteral feeds produce similar intestinal changes to 'elemental' diets and also to study the particular role of dietary bulk. D-galactose and 3-0-methyl glucose were used to include actively absorbed sugars that respectively can and cannot be metabolised by the intestinal mucosa. Thus while disappearance of galactose from the lumen may represent mucosal utilisation, disappearance of 3-0-methyl glucose reflects absorption alone.
Methods

ANIMAI-S AND FFEDS
Twenty millilitres of perfusion fluid was placed in the reservoir and pumped through the proximal cannula and small intestine until it flowed from the The perfused jejunal segment was carefully dissected free from mesentery, laid flat and its length recorded without tension, and weighed. The mucosa was scraped off with glass slides, weighed, and stored at -200C.
The terminal ileum was also isolated, cannulated and flushed with cold isotonic saline, and a 10 cm segment adjoining the caecum also measured laid flat without tension and weighed.
Mucosal DNA and protein were measured by standard methods."' Sugar concentrations were estimated by quantitative thin layer chromatography."' Sugar absorption was measured from the total sugar content in the perfusion fluid at the start and during the experiment aifter correction for waiter fluxes alnd for the reducing perfusion volume after removal of samples.
Results are expressed as menans +SEM. Statistical comparison was made by unpaired Student's t test.
Results
WEIGHT GAIN
Initial body weights in all four groups were similar. Fifty four calories/day increased weight in most animals, but the gain varied on the different isocaloric diets (Fig. 1) . Animals fed Vivonex HiN gained significantly less weight than those fed Enrich, Ensure or normal rat chow whose weight gains were similar. Consequently all results are expressed per 1t)0 g body weight as smaller animals would necessarily be expected to have lower gut weights, although only Vivonex HN animals are affected. The correction does not alter the significant findings of the study.
JEJUNAI. SEGMENT AND MUCOSAI WEIGHTS
The total weight of the perfused jejunal segment for each dietary group is shown in Table 2 . Animals fed Ensure had significantly greater jejunal total weights than those fed normal rat chow (p<0-0l) or Enrich (p<0-02). Rats receiving Vivonex HN had jejunal weights similar to those on Ensure but significantly higher than normal rat chow fed animals (p<0-05). Gut segment weights of Enrich animals were comparable with normal rat chow.
Similar to total weight, jejunal mucosal weight, corrected for total body weight, was higher in Ensure and Vivonex HN fed rats (Table 2) (Table 3) Galactose absorption, expressed as smol/h/cm/10() g bw was highest in Vivonex HN animals. The only significant difference between groups, however, was that Ensure-fed animals absorbed more than Enrich (p<002).
3-0-methyl glucose absorption showed similar trends to galactose. Thus absorption was greatest in Vivonex HN fed animals, followed by Ensure. Vivonex HN animals absorbed significantly more 3-U-methyl glucose than Enrich (p<0J(05), but there were no other significant differences between groups (Table 3) . 
Discussion
'Luminal nutrition' is an important trophic factor to the small intestine, maintaining its normal structure aind function and allowing it to adapt to changing circumstances."" Luminal nutrition, however, includes many dietary constituents and the relative importance of lipid, protein, carbohydrate and vitamin content, or of total calorific value of the diet, is unclear. The effect of bulk on small intestinal mucosal structure and function is especially controversial.
Isocaloric feeding is therefore particularly important because hyperphagia alone induces mucosal hyperplasia,' presumably by increasing luminal nutrition or trophic hormone levels, while starvation induces hypoplasia.' '' All animals in this study received isocaloric diets orally for four weeks, although no allowance was made for the conversion of oral dietary fibre into nutrients such as short chain fatty acids in the colon. All diet provided wals eaten each day, thus avoiding pair-feeding experiments and weight gain was similatr in three of the four experimental groups. Precautions against coprophagia were taken, although some faecal ingestion may still have occurred unobserved despite wire bottom cages. All groups tolerated the diets well and body weights increased, but this was significantly less in animals fed Vivonex tI-N than in those receiving normal rat chow, Enrich or Ensure. Similar observations have been recorded in other studies with animals fed Vivonex HN and other elemental diets,"' and may represent the low biological value of these feeds or a growth stimulating effect of bulk. The complete but bulkless Ensure, however, produced similar weight gain to both normal rat chow and Enrich, the same liquid feed with additional bulk. Further, a study in man'" showed reduced nitrogen retention in patients receiving Vivonex [IN compared with those on normal food. It is therefore probable that Vivonex HN provides nitrogen of low biological value.
The total and mucosal weights, corrected for body In conclusion, an elemental diet and a 'complete' enteral feed given orally in isocaloric amounts altered small intestinal structure and function. Weight gain was significantly less in the elementally fed group than in other groups. When corrected for body weight, both an 'elemental' diet and a 'complete' enteral feed increased proximal jejunal mass compared with animals fed either the complete feed with additional bulk or normal chow. Terminal ileal weight, however, was decreased by both elemental and complete feeds with and without bulk, but most strikingly by the elemental diet. Adding 9% bulk to a complete enteral feed decreased rather than increased proximal small intestinal mass, but did not affect the terminal ileal atrophy. The 
